Introduction
The possibility of restoring periodontal tissues lost as a result of periodontal pathology has been the subject of various studies. Such restoration is known as "new attachment" or "complete regeneration ." Attempts to achieve new attachment involve preparation of the root surface previously related to the periodontal pocket in such a way that it becomes biologically more conducive for induction of connective tissue.
Increased activity of bone and connective tissue formation using different materials, and delay of apical migration of the gingival epithelium, establishing a connection between the root and connective tissue at a more coronal level during healing, have been reported so far [1] [2] [3] . Recently, the root surface has received a great deal of attention, and studies aimed at activating the connection of fibrin to cementum and dentin at the surgical site have been widely performedk-71. Citric Although the results of some studies suggest that it is biologically possible to establish new attachment using this demineralization procedure, which is also called "chemical root treatment," other experimental studies performed in man and animals have given contradictory results [4, [8] [9] [10] [11] . Therefore, the aim of this study was to investigate further the concept of new attachment and to evaluate the results using a canine model.
Materials and Methods
One dog was used for the present study. Chronic periodontal tissue destruction was created without surgical traumatization. For this purpose, silk ligatures were placed on the bicuspid teeth of the upper and lower jaws and the dog was given a soft diet to induce plaque formation. After 8 months, the silk ligatures were removed and the soft diet withdrawn. Two months later, subgingival curettage was performed on the right segments of the upper and lower jaws. Then, 110 days after the curettage, a flap operation was carried out. Root planing was performed on all teeth using Gracey curettes. For eight bicuspid teeth in four segments, pocket bases were estimated by means of an occlusal stent and a periodontal probe and then marked with a scalpel blade on the cementum of the midradicular surface. The root surfaces of three bicuspids were treated with fresh saturated citric acid solution (pH 1) for 3 min and washed with physiological saline for 1 min. Tetracycline HC1 salt was applied to the root surfaces of two other teeth. The remaining three bicuspids were left as controls. Flaps were replaced and sutured interdentally using 3-0 silk suture. One week later, the sutures were removed. Postoperatively, no attempts were made to improve oral hygiene and after 48 days, the dog was sacrificed using a lethal dose of IV sodium pentothal solution and block sections of the teeth were taken. Fixation of the material in 10% neutral buffered formalin solution was followed by decalcification with citrate-buffered 5% formic acid solution. Midradicular sections were stained with hematoxylin and eosin and evaluated by light microscopy.
The teeth in the treated segments and the procedures performed are shown in Fig. 1 .
Results
The periodontal tissue destruction obtained within 8 months using silk ligatures and a soft diet was found to be irreversible both clinically and radiographically after 10 months and at the time of the flap operation after 13 months. During the operation, left segments demonstrated the full characteristics of chronic periodontitis, with large amounts of calculus and plaque within the gingival pockets. On the other hand, the right segments demonstrated increased pocket depth but were otherwise clinically healthy.
Histopathologic examination of the gingival tissue on day 48 after the flap operation showed subepithelial inflammatory cell infiltration in all sections . New cementum and connective tissue attachment were found spread in a coronal direction along the root surface over the reference points in sections of teeth treated with citric acid, although new connective tissue attachment was not always seen together with new cementum formation (Fig. 2) .
In sections of teeth treated with tetracycline salt, fine, newly formed cementum and fairly extensive new connective tissue attachment were observed (Fig. 3) . New cementum and connective tissue attachment were also seen in sections of the control teeth (Fig. 4) , although the new cementum was limited to the reference sites in some sections and the new connective tissue attachment was shorter than in both types of experimental teeth.
Discussion
It has been shown in earlier studies that new connective tissue attachment can be obtained on the root surfaces of previously diseased teeth [12, 13] . Studies to find the optimum conditions of the root surface to induce connective tissue responses have been carried out [14, 15] and new therapeutic techniques have been developed [16, 17) . On the other hand, there is some doubt surrounding animal experiments, since animal models have different characteristics from man, and the results cannot be reproduced in humans [4, 9, 11, 18] . However, because simulation of standard experimental conditions is impossible in man, and various difficulties are encountered in histological investigations, animal models will continue to be in demand for a long time.
In addition to the inflammatory characteristics observed in animals, irreversibility of any artificial defects is also an important consideration. The method we used in this study, involving interference with the relation between soft tissue resistance and plaque formation, seems to be more appropriate for this purpose, even though it requires a long period. It has been noted that especially in dogs, it is not appropriate to develop defects in a short time with regard to the criteria mentioned abover [9] . Furthermore, it is clear that there is a need for additional manipulation and time in order to increase plaque formation and obtain a chronic inflammatory state after development of a mechanical defect [20] . We found that the defects created artificially by this method were irreversible, both clinically and radiographically. The destruction did not progress, however, and the defect remained stable after removal of the ligatures. These results are in agreement with a previously published study by LINDHE and ERICSSON [21] .
Investigations evaluating the level of new attachment by histologic and histometric analysis require appropriate reference points. If calculus is present in the pocket, marking of its most apical point is a widely accepted procedure [22' 231. In the present study, due to the absence of calculus on the right segments, pathological pocket bases were estimated using an occlusal stent during surgery. Because of the scarcity of our material, the results were evaluated by comparison, without histometric analysis.
As is well known, the amount of new attachment which can be obtained in a deep periodontal pocket is greater than that in a pocket of medium depth, whereas loss of attachment can occasionally be observed within a shallow periodontal pocket. Therefore, in this study care was taken to include pockets of similar depth for the experimental and control teeth. We found that both new cementum formation and new connective tissue attachment on the previously diseased root surfaces were present in all teeth. However, in some sections the level of new attachment was higher in teeth treated with citric acid than in the control teeth. These findings are in accordance with the results of GARA and ADAms [6] , who reported that new attachment was biologically possible following demineralization by citric acid in dogs. On the other hand, our findings contradict the results of CRIGGER et al. and NILVEUS et al. [24, 25] , who reported that citric acid treatment was a prerequisite for the formation of new attachment. In our study, it was observed that new attachment formation was also possible biologically in teeth which had not been treated with citric acid.
Tetracycline is one of the most useful chemicals in periodontics, and various forms of tetracycline are used for different purposes in periodontal therapy. In our study, we observed that topical application of the salt form of tetracycline during surgery had no effect on new attachment formation. According to the recent findings of others, the collagenase inhibitory and acidic effects of tetracyclines should widen their use in periodontics [26, 28] .
In this study, we made no efforts to maintain oral hygiene during the postoperative period. Histopathologically, this resulted in presence of subepithelial inflammatory infiltration in all sections. Similar results were also obtained by VAN DIJK [19] in 1979. He reported that in dogs for which oral hygiene measures were not taken during the postoperative period, new cementum and connective tissues were still present, although maturation of these tissues was not complete 2 years after the operation. Together with our results and those of Van Dijk, it can be concluded that new attachment in dogs is mainly the result of the surgical procedure used, and that maintenance of oral hygiene is important in terms of quality and continuation of the histology obtained by surgical treatment. As has been shown by CoRBA et al. [29] , oral hygiene is necessary for the health of gingival tissue after creation of experimental defects in dogs, since it has already been reported that in dogs, healing takes place in deep parts of the lesion after removal of the ligatures, which alone can cause subgingival plaque formation [20, 30] . In contrarst, it has been proved in man that loss of attachment takes place after periodontal surgery if oral hygiene is not maintaineell, and thus plaque control programs are recommended [32, 33] .
The results of the present study and of previously reported investigations indicate that the differences between the wound healing process of experimental periodontal defects in both canine and human periodontal disease must be taken into consideration for further clinical application of regeneration procedures in man. Fig. 1 The teeth in the treated segments and the procedures performed. T: Tetracycline HCI.
CA: Citric acid. P: Bicuspid. 
